Stavrianopoulos and Rabbani, U.S. Patent 
Application Serial No. 07/956,566 filed on 

October 5, 1 992 
(Exhibit 13); 




HOVEL OHB~STEP METHOD AND POLYNUCLEOTIDE 

COHPOONDS FOR HY BRIDIZING TO TARGET POLYNPCLBOTIDES 

BACKGROUND OF THE INVEWTIOM 

The present invention relates to a method for Eorming a 
hybrid comprising a polynucleotide compound and a target 
polynucleotide together with preferred polynucleotide 
compounds and their synthesis. The poljynucleotide 
compound can be used as a probe or as a' drug. 

I 

Hybridization with a polynucleotide probe is a well 
known method for verifying the presence of a target 
polynucleotide. Hybridization is based on complementary 
base-pairing, when single-stranded polynucleotide 
probes are incubated in solution with single-stranded 
target polynucleotides, complementary base sequences 
pair to form double-stranded hybrid molecules. The 
double-stranded hybrid molecules can be separated' from 
the single-stranded polynucleotide probes by chemical or 
physical means. See M. Grunstein and J. Wallis; METHODS 
IN ENZYMOLOGY , volume 68, R.W.U (Ed) (1979) pp. 379-469; 
A.R. , Dunn, and J., Sambrook, METHODS IN ENZYMOLOGY , 
volume 65» part 1, (1980) pp. 468-478; Modified 
Nucleotides And Methods Of Preparing And Using The. Same 
by d;c. Ward, A. A. Waldrop and P.R. Langer, European 
Patent Publication Number 0,063,879 published November 
3, 1982; DNA Probes for Infectious Disease by A.J. Berry 
and J.B. Peter, Diagnostic Medicine (March, 1984) pp. 
1-8; and Recombinant DNA Technology t Some Applib'ations In 
Clinical Microbiology by Wie-Shing Lee ,and James L. 
Bennington, Laboratory Management (April, 1985) pp. 
21-26. I 

I 

! 

The probes generally comprise a polynucleotide^ portion 




I 
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and a signalling moiety portion attached^to the 
polynucleotide* The polynucleotide portion of the probe 
has the ability to base-pair, i.e. hybridizide to a 
sequence of interest or target polynucleotide. The 
signalling moiety portion of the probe has or produces 
the means by which the presence of a hybridized 
polynucleotide probe can be verified. The means can be, 
for example, fluorescence, phosphorescence, chromagen, 
radioactivity, or electron density. 

The method of detecting a target polynubleotlde 
utilizing a polynucleotide probe is gen'erally carried 
out, for example, by first isolating a double-stranded 
polynucleotide comprising a target sequence therein from 
a sample. The double-strand polynucleotide can be cut. 
into smaller segments by means of restriction 
endonuclease digestion and the segments, separated by gel . 
electrophoresis, :*after which they are transferred* from 
the gel onto a support for example, a nJLtrocellulose 
paper. Alternatively, the double-stranded poly- 
nucleotide can be fixed directly on thej nitrocellulose 
without any prior enzyme digestion. The fixed v 
polynucleotides are contacted with a solution containing 
the polynucleotide probe and the support heated to ♦ 
about 80-90^C to denature the polynucleotide • , 
double-strands. (The double-strands cah also be 
denatured by means of alkali). The sample which now 
contains both the target polynucleotide, and the 
polynucleotide probe is allowed to cool to an 
appropriate temperature during which tilne hybridization 
between the polynucleotide probe a.nd the target 
polynucleotide takes place. After sufficient time has 
elapsed for hybridization to be complete, which can be 
for ten minutes to several hours, the fixed targ.et 
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polynucleotide is washed to remove all unbound 
polynucleotide probes. The signalling moiety portion o£ 
the polynucleotide probe is now detected, either 
directlyi for example, by means of radioactivity or 
fluorescence, or indirectly/ for example, by means of a 
chromogen formed by an enzymatic readtil:)n. 

A drawback of this method is that it requires several 
steps before the presence of the target* polynucleotide 
can be verified. Namely, it requires the fixation of 
the target polynucleotide to a support,^ the contacting 
of the target polynucleotide with a polynucleotide 
probe, and the removal of all unhybridized . 
polynucleotide probes from the support^j 

Recently, a method for detecting the presence of a 
target polynucleotide by means of a .homogeneous (pr 
one-step) nucleic acid hybridization assay was reported. 
The method comprises hybridizing first ^ind isecond 
single-stranded polynucleotides, both of which contain 
light-sensitive labels, with a complementary 
single-stranded polynucleotide target f^rom a sample su<fh 
that non-radiative energy transfer occurs between the 
light-sensitive labels of the first and second * 
polynucleotides. At least one of the light-sensitive 
labels is of the absorber/emitter type such that energy 
absorbed from the other light-sensitive label is 
reemitted at a different wavelength. These sec<pndary 
emissions can only occur if hybridization of both the 
first and second single-stranded polynucleotides to the 
target polynucleotide has taken place. The quantity of 

the target polynucleotides in the sample is related to 

* 

the amount of secondary light emitted. | See European 
Patent Publication No. 0,070,685 by Mic,hael Jarois 

I 



Heller, published January 26, 1983. 
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A drawback o£ this method is that it requires two 
separate polynucleotide probes to detect the presence o£ 
a target, polynucleotide. In addition, |the method 
requires the presence o£ a che'miluminescent catalyst, an 
absorber/emitter moiety, and chemiluminescent reagents 
effective £or causing light emission in the presence o£ 
the chemiluminescent catalyst. Furthermore, only one 
label can be attached per polynucleotide probe because 
the light-sensitive label is attached to the sugar 
moiety of terminal nucleoside. Also, the bulky labels 
may prevent hybridization o£ the complementary bases 
adjacent to the labels* 

! 

i 

A method has been reported recently whereby a target 
polynucleotide is hybridized to a probe polynucleotide, 
and the resulting hybrid immobilized by its binding to 
an immobilized or immobilizable form o£ an antibody 
reagent selective for binding such hybtids. One 
embodiment is the use of an antibody selective for 
Intercalated duplexes. This method, however, is not a*" 
homogeneous assay. In addition, the intercalating agent 
does not provide the signal directly upon hybridization 
of the probe to the target. Furthermore, the 
intercalating agent is attached directly to a base 
without a linker arm at positions required for 
base-pairing. See European Patent Application number 
146,039 by J.P. Albarella et. al., published Jane 26, 
1985. 

Fluorescent intercalating moieties atached to a 
polynucleotide have been reported in the literature. 
They are prepared by reacting the adenine or cy,tosine ' 



bases with a bifunctional reagent such as 
chlorace taldehyde to produce an aromatic tricyclic 
compound. See "Fluorescent Adenosine and Cytidine 
Derivatives" by J^R. Barrio, J. A. Secr.lst Illr and N.J. 
Leonard, (1972), B.B.R.S. (2), pp. 597-604, and 

"Physical Studies of CholoroAcetaldehyde labelled 
fluorescent DMA" by C.H. Lee and J.G. Wetmur, (1973), 
B.B.R.S. 50^ <3) , pp. 879-85. This method has a drawback 
in that the bases converted to fluorescent moieties 
cannot base-pair, and thus such fluorescent moieties 
destabilize the hybridization process. 

BRIEF SUMMARY OF THE IMVEHTIOH 

A method for forming a hybrid comprising a target 
polynucleotide and a polynucleotide compound is 
disclosed herein together with preferred polynucleotide 
compounds. The polynucleotide compounds can be tksed for 
detecting the presence of a single or double-stranded 
target polynucleotide in a homogeneous) i.e. one-step 
assay, or for competitively displacing (a homologous 
polynucleotide from a target double-stranded t 
polynucleotide or stably binding to a target single- 
stranded polynucleotide to prevent transcription or? 
replication of the target polynucleotide. , . 

! i ■ ' 

The polynucleotide compound comprises a polynucleotide 
and at least two entities attached to the polynucleotide 
by means of linker arms. The polynucleotide i^ able to 
base-pair or hybridize to a target polynucleotide. Upon 
the hybridization per se of the polynucleotide portion 
of the probe to the target polynucleotide, a change is 
generated in at least one property of either the 
polynucleotide compound, of the target' polynucleotide, 
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or of bothf wherein tliG change constitutes the nignal« 
IE the affected property is that of the j polynucleotide 
compound, it can be cither that of the polynucleotide or 
that of the entity. • 



When the polynucleotide compound Is used to detect the 
presence of a target polynucleotide by means of the 
change in a property, then the polynucleotiac compound 
serves as a polynucleotide probe. When the 
polynucleotide compound is used to displace a homologous 
polynucleotide from a double-stranded target 
polynucleotide or to stably bind to a single-stranded 
target polynucleotide, then the polynucleotide compound 
serves as a polynucleotide drug. 

Preferred polynucleotide compounds comprise at least one 
moiety having the structure i ' . . 




wherein B represents a base selected from the group 
consisting of pyrimidines, purines, and; deazapurines, 
provided that whenever B is. a pyrimldine, the sv:^gar is 
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attached to the position o£ the pyrimldiner and 
whenever B is a purine or deazapurine^ the sugar is 

Q 

attached to the N -position of the purine or 
deazapurine; 

wherein •'Phen" represents any phenanthrjidine moiety; 

•I 

wherein said L.A. is a linker arm comprising at least 
three carbon atoms, and is attached to the 5-posltion of 
said phenanthr idine moiety; and ' 

wherein Z is either H or ; 

BRIBF DESCRIPTIOM OF THE FIGPRES 

Figure 1 depicts the synthesis of an aromatic dye that 
can be attached to a polynucleotide to [form a , • 
polynucleotide compound* I 

Figure 2 shows the attachment of the aromatic dye of Fig 
1 to (a) a dextran, and (b) a polynucleoide. 

Figure 3 shows the intercalation of an. aromatic dye 

attached to a polynucleotide into a hybrid formed from 

the hybridization of the polynucleotide with a target 

polynucleotide. | 

I 

* 

OBJECTS OF THE IHVENTIOH ,^ 

It is an object of this invention to provide a method 
for detecting the presence of a targeti polynucleotide by 
means of a homogeneous assay which utilizes a 
polynucleotide probe comprising a polynucleotide and at 
least two entities attached to the polynucleoti«de r 



wherein upon the hybridization per se of the 
polynucleotide to the target polynucleotide r a change is 
generated in at least one property of either the 
polynucleotide compound, of the target polynucleotide, 
or of both, wherein the change constitutes the signal. 

It is another object of this invention to provide a 
method for preventing the transcription! of a target 
polynucleotide by utilizing a polynucleotide compound 
for displacing its homologous polynucleotide from a 
double-stranded polynucleotide, wherein the 
polynucleotide compound comprises a polynucleotide and 
at least two entities, which entities enhance the 
binding of the polynucleotide portion of the 
polynucleotide compound with the target polynucleotide, 
so that its binding is greater than that of the binding 
of the displaced homologous polynucleotide with tf\e 
target polynucleotide, thus preventing the transcription 
or translation of the target polynucleotide 

i 

It is an additional object of this invention to provide 
a method for preventing the transcription or translatiolfi 
of a target polynucleotide by forming a hybrid 
comprising a polynucleotide compound and a target 
polynucleotide, wherein the. polynucleotide compound 
comprises a polynucleotide and an least two entities 
attached to the polynucleotide, wherein the entities 
enhance the stability of the hybrid so jthat the ^ 
polynucleotide portion of the polynucleotide probe 
cannot be readily displaced by another homologous 
polynucleotide, thus preventing the transcription or 
translation of the target polynucleotidje . 

It is a further object of this invention to pro^ride a 



10 



15 



20 



25 



-9- 

method for detecting the presence of a target 
polynucleotide by means of a homogeneous assay which 
utilizes a polynucleotide probe comprising a 
polynucleotide and at least two radiation-emitting 
entities attached to the polynucleotide, wherein the 
energy of emissiori of these entities is shifted upon the 
hybridization per se of the polynucleotide portion of 
the polynucleotide probe to the target polynucleotide, 
and wherein the shift in the energy of radiation is the 
signal* 

It is also an object of this invention to. provide a 
method for detecting the presence of a target 
polynucleotide by means of a homogeneous assay which 
utilizes a polynucleotide probe comprising a 
polynucleotide and at least two radiation-emitting 
entities attached to the polynucleotide] wherein the 
energy of emission of these entities is shifted upon 
intercalation of the entity into a polynucleotide 
hybrid, wherein these radiation-emitting entities can 
substantially intercalate only into a hybrid formed as a 
result of the hybridization of the polynucleotide ^ 
portion of the polynucleotide probe to the target 
polynucleotide, and wherein the shift in the energy 6t 
radiation is the signal. - 



30 



35 



It is another object of this invention to provide a 
method for detecting the presence of a target ^ 
polynucleotide by means of a homogeneous assay which 
utilizes a polynucleotide probe comprising a 
polynucleotide and at least two fluorescence-emitting 
entities attached to the polynucleotide/ wherein the 
emitted energy of fluorescence of these | entities is 
shifted upon the intercalation of these I entitiest' into a 
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polynucleotide hybrid, wherein these fluorescence- 
emitting entities can substantially Intercalate only 
into a hybrid formed as a result of the jhybridization of 
the polynucleotide portion of the polynucleotide probe 
to the target polynucleotide, and wherein the shift in 
the emitted fluorescence energy is the signal. 



It is an additional object of this invention to provide 
polynucleotide compounds comprising a polynucleotide and 
at least two fluorescent-emitting entities attached to 
the polynucleotide, wherein the fluorescent-emitting 
entities show a shift in the emission energy of 
fluorescence upon intercalation into a polynucleotide 
hybrid, and wherein the f luorescenoe-eraitting entities 
can substantially intercalate only into. a hybrid formed 
as a result of the hybridization of the polynucleotide 
portion of the polynucleotide compound to the target 

polynucleotide. , 

I 

DETAILED DESCRIPTIOM OF THE INVENT I OH 
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A. GEMBRAL DESCRIPTION OF THE POLYNOCLBOTIDB 

COMPOUND * 

— — — — I 

t 

I 

This invention discloses the use of a polynucleotide* 
. compound. The polynucleotide compound comprises a* • 
polynucleotide portion and at least two entity portions 
attached to the polynucleotide. The entities should be 
attached to nucleotide moieties which are separated from 
each other by about a stretch of ten other nucleotide 
moieties. This is to provide target-specif ity to the 
polynucleotide portion. The entity portion has a 
characteristic which upon the hybridization of the 
polynucleotide portion of the polynucleotide compound to 



I 
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a barget polynucleotide r the character Isbic enables the 
generation of a change in a property o£ either the 
polynucleotide compound or the target polynucleotide. 
The property change in thq polynucleotide compound can 
be either in the polynucleotide portion or in the entity 
portion. ; 

i 

This property change can be utilized in two ways* One 
way is to monitor this property change in order to 
detect the presence of a target polynucleotide. In this 
instance, the polynucleotide compound is used as a 
polynucleotide probe. A second way is to utilize this 
property change to either permit the displacement from a 
target polynucleotide of a polynucleotide homologous to 
that of the polynucleotide portion of the polynucleotide 
compound, or else to stably bind the polynucleotide 
portion of the polynucleotide compound to a targe^b 
polynucleotide. In this instance, the polynucleotide 

compound is used as a polynucleotide drug. 

1 
I 

B. DESCRIPTION OF THE POLYNUCLEOTIDE PROBE 

I * 

1. GENERAL DESCRIPTION 

« 

This invention permits the polynucleotide compound, to be 
used as a polynucleotide probe to detect the presence of 
a target polynucleotide in a homogeneous or one-step 
assay. The polynucleotide probe comprTses a 
polynucleotide and at least two entities attached to the 
polynucleotide. The entity has a chara^cter istic, such 
that upon the hybridization of the polynucleotide 
portion of the polynucleotide probe to ;the target 
polynucleotide, the characteristic enables the 
generation of a detectable change in a property of 



either bhe polynucleotide probe r the target 
polynucleotide or both» If hybridization between the 
polynucleotide portion of the polynucleotide probe and 
the target polynucleotide does not in fact occur, then 
the change in a property is not generated. ThuSf the 
entities permit bhe detection of a target polynucleotide 
in one-step; an additional step of removing unbound 
polynucleotide probes from the sample, before 
verification of the presence of the target 
polynucleotide can be achieved, is not required. 

The characteristic of the entity can be, for example, 
its ability to assume a certain orientation or 
conformation with regard to the polynucleotide 
probe/target polynucleotide hybrid. The property change 
can be one of, for example, radiation emission, 
interaction of molecular dispersion forces, or buoyant 
density. Changes in radiation emission include changes 
in the visible, ultra violet, infrared,* fluorescence, 
phoisphorescence, x-ray, or ^-ray spectrum of the entity. 
Changes in interaction of molecular dispersion forces 
include changes in the melting temperature of the ^ 
polynucleotide probe/target polynucleotide hybrid. 

4 

The entity can be of any length, size,|.or shape. ,It can 
have attached to it alkyl or aromatic fragments not 
necessary for imparting to it the particular 
characteristic. Preferably, the entity is attached to a 
linker arm after the nucleotide comprising the'linker 
arm is incorporated into the polynucleotide. That is 
the entity is attached following formation of the 
desired base sequence. This is because the entity is 
usually a bulky molecule and may make the nucleotide a 
poor substrate for the polymerase enzymes« In ,6ddition. 
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the entity may be an inhibitor of the polymerase 
enzymes • 

2* DESCRIPTIOH OF OWE EHTITY 

One entity that satisfies the above-described 
requirements is an intercalating agent*, An 
intercalating agent is an agent, which in the presence 
of double-stranded polynucleotides r can* position itself 
between two adjacent base-pairs in the double-strands, 
and further interact with the base-pairs of the 
double-strand. The hybrids can be DHA/pHA, DNA/BNAr or 
RNA/RNA. The characteristic of the intercalating agent 
is its intercalating ability into a polynucleotide 
hybrid. ' 

Generallyt the Intercalating agents are aromatic dyes. 
These Intercalating aromatic dyes have a planar ring 
structure and have distinct fluorescence emission 
spectra. The fluorescence Is indicative of the electron 
delocallzatlon of the Intercalating agent, and is 
affected by the Inductive effect of substituent groups^ 
attached to the dye and by quenching agents » 

When the aromatic dye is dissolved in an aqueous or 
aqueous/organic solution, it is believed that the water 
In the solution significantly quenches |the fluorescence 
of the dissolved aromatic dye by raslrig the 
ground-energy- state of the aromatic dye to a Ifevel 
higher than when the dye is in an organic medium. If 
the aromatic dye intercalates into a polynucleotide 
hybrid, the dye becomes shielded from the water. This 
is because the hybrid contains a relatively hydrophobic 
interior: (the bases) and a hydrophllic exterior (the 



phosphates). The water thus aggregates i at the exterior 
of the hybrid, and not at the interior. j Since the 
fluorescence emission of the intercalating dye, is no 
longer quenched by the water r the ground-energy-state 
shifts to a lower energy level, and the' result is that 
the fluorescence emission maximum shifts to a longer 
wavelength. The fluorescence intensity. of the dye upon 
intercalation is also enhanced many-fold. This shift in 
fluorescence emission and intensity is thus a property 
change that is generated in the entity,! only upon the 
hybridization of; the polynucleotide portion of the 
polynucleotide probe to the target polynucleotide. 

A single-stranded polynucleotide probe pomprising a 
polynucleotide and at least one intercalating aromatic, 
dye attached to the polynucleotide is thus capable of 

homogeneous or one-step detection of a target , 

i 

polynucleotide. Upon hybridization of the 
polynucleotide portion of this polynucleotide probe to 
the target polynucleotide to form a probe/target 
polynucleotide hybrid, the aromatic dye intercalates 
into a groove of the formed probe/target polynucleotide 
hybrid in between stacked base-pairs. jThls 
intercalation results in a shift in the fluorescence 
emission and intensity of the intercalating agentV 
Since this shift in fluorescence occurs only if the 
polynucleotide portion of the polynucleotide probe 
actually becomes hybridized to the target polynucleotide 
in a sample, the additional step of having to remove 
unbound polynucleotide probes from the; sample is not 
required. Thus, with the simple expediency of measuring 
the fluorescence spectrum of the sample, one can 
determine whether hybridization has occurred, and thus 
detect the presence of the target polynucleotide. 
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Any fluorescent aromabic dye that can intercalate into a 
polynucleotide hybrid^ and which undergoes a shift in 
fluorescence emission upon intercalation, is suitable 
with this invention. Examples of suitable aromatic dyes 
include r but are not limited to, phenanbhr idines , 
acridines and anthracylines. Examples of phenan- 



to, 



thridines include, but are not limited co, ethidium, 

propidium, butidium, pertidium, dimidium, and phenidium. 

i 

3. ftESCRIPTIOH OF THE POIiYMOCIiEOTIDE 

I 
I 

The polynucleotide portion of the polynucleotide probe 
should comprise at least about twelve bases to impart 
specificity to the probe. Methods for preparing a 
polynucleotide that is substantially complementary to a 
target polynucleotide are well known in the art. , The • 
most commonly used method is that of recombinant DNA and 
cloning. One widely used clone is the M13 phage. 
Briefly, the method entails (1) cleaving the M13 RF 
(replicative form) DNA with one of the restriction 
enzymes having a unique recognition sequence in the 
cloning region (2) ligating the desired polynucleotide 
into the cleaved insertion site (3) transforming £• *'coli 
host cells (4) growing these host cells, on 
nutrient-containing plates and selecting the colorless 
plaques (5) amplifying the phages from jsingle plaques in 
small cultures (6) harvesting the phages from culture 
supernatant and removing the protein cdat by treatment 
with phenol, and (7) precipitating the |purified DNA with 
ethanol. Greater detail can be found in M13 CLONING AND 
SEQUENCING HANDBOOK Published by Amersham Corporation 
(1983) and in MOLECULAR CLONING by T. Maniatis, B.F. 
Fritsch, and J. JSambcook, published by 'Cold Sptiing 



! 
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Ilarboc Laboratory (1902) . 



Specific polynucleotides can also be prepared with a DHA 
Synthesizer Instrument such as one manufactured by 
Applied Diosystems, 850 Lincoln Centre Driver Foster 

I 

City, California 94404, using the appropriate nucleotide 
precursors. According to the manufacturer., one can 
iw prepare polynucleotides of about 120-200 bases with 

great specificity* The synthetic schemes involve the 
use of phosphoramidites to link together predetermined 
I bases. Other manufacturers of polynucleotide 
j synthesizers include Biosearch Inc., 2980 Kerner 
IS j Boulevard, San Rafael, CA 94901, and Beckman 

Instruments, 1050 Page Hill Road, Palo Alto, CA 94304. 

I 

A polynucleotide comprising a linker arm or entity at 
' the terminal position can also be prepared by employing 
^•0 ; the enzyme RNA ligase and, for example,! the compounds 
pCp or pUp in which a linker arm or entity is attached 
to the C or U. The polynucleotides cannot be formed by 
nick translation, since for this invention the 
polynucleotide probes must be single-stranded. 



4. POLYHUCLBOTIDB PROBB FORM i 

The entities must permit the generation of a prciperty 
change only when the polynucleotide portion of the 
polynucleotide probe is hybridized with- the target 
polynucleotide. The entities must not permit the 
generation of a property change in a hybrid wherein one 
of the hybrid strands is not that of the polynucleotide 

• i 

target. Furthermore the target polynucleotide to which 
the polynucleotide portion of the polynucleotide probe 
hybridizes to must be one originating from the*isample. 



Thus the polynucleotide probe must be provided to the 
sample comprising the target polynucleotide only in 
single-stranded form* If the polynucleotide probe is 
provided to the sample as a double-stranded hybrid and 
then denatured in the sample r the entities will generate 
a change In a property when this polynucleotide probe 
hybridizes with the polynucleotide to which it was 
originally hybridized to. This will produce in a false 
positive result* : 

It is preferable that the polynucleotide ^ probe be an 

Integral strand. That is, a change in a property of 

either the entitles or the polynucleotide should be 

I 

generated by means of the entitles upon j the 
hybridization per se of only two strands. This permits 
the detection of a target polynucleotide with only one 
polynucleotide probe molecule. However! there may be ' 
instances where the polynucleotide probe will comprise 
two different polynucleotide strands. This can be, for 
example, where each polynucleotide strand contains 
different entities and the two polynucleotide strands 
hybridize to adjacent non-overlapping sequences on the 
target polynucleotide. The entitles of. each strand 
cannot cause a change In a property, but all the 
entitles together, upon hybridization per se, can 'cause 
a change in a property. Such a situation is 
contemplated as being covered by this invention. 

5. DESCRIPTION OF LINKER ARM '. 

i ■= 

The entity is attached to a polynucleotide by means of a 
! linker arm so that there is minimal steric interference 
between the entity and the polynucleotide, and so that 
the entity can have the necessary freedom of movement to 
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permit it to achieve the proper orientation or 
conformation with regard to the polynucleotide 
probe/target polynucleotide hybrid. The linker arm 
refers to a fragment in the polynucleotide probe 
attaching the entity portion to the polynucleotide 
portion. Any atoms in this fragment not essential for 
the presence of the characteristic in the entity or not 
part of the natural nucleotide is part of the linker 
arm. 

The linker arm ahd/or entity must not substantially 
interfere with the hybridization of the polynucleotide 
probe to the target polynucleotide. Therefore, the 
linker arm and/or entity: (a) should nbt prevent the 
base to which it is attached from pairikg with its 
complementary base; (b) should not prei;ent the 
complexing of the complementary base^, so as to prevent 
the hybridization of the polynucleotide probe to the 
target polynucleotide; (c) should not interfere with 
strand elongation (unless it is at a terminal position 
of the polynucleotide sequence) ; and (d) preferably, 
should not change the conformation of the sugar moieties 
in the polynucleotide. 

The linker arm is generally attached covalently bo the 
polynucleotide. The attachment is prefjsrabiy to the 
base moiety, although it can be to the sugar moiety, or 
the phosphate moiety. The base moiety can be either a 
purine or a pyrimidine. As mentioned hjareinabbve , the 
attachment of the linker arm to the base moiety should 
preferably be to a position at which the linker arm does 
not interfere with Watson-Crick pairing of the bases. 
Suitable positions are, for example, positions 5 and 6 
of uracil, positions 5,6, and the exocylic 4-ainlno of 
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cytosiner positiono 7 and B of deazapurlne, position 8 
of guanine, and positions 8 and the exocyclic 6-araino of 
adenine. Bases containing substi tuents lat these 
positions are therefore not preferred for the attachment 
of the linker arm to those positions. A preferred 
linker arm for attachment to the base moiety is 
allylatnine. See! European Patent Publicdtlon No. 
t)r063,879 by David Ward et al., published Hovember 3, 
1982 which is hereby incorporated by reference. 



15 



20 



25 



30 



35 



Preferred positions on bases are the 5 and 6 positions 
of pyriffiidines and the 7 position on deazapurines r since 
8~purine nucleotides are poor substrates tot the 
polymerase enzymes, and the exocyclic amino group of 
either adenine or cytosine is involved in base-pairing, 
to thymine and uracil, or to guanine respectively. 
Although a substi tuent at an exocyclic amino group of a 
base does not prevent that base from pairing to Its 
complementary base, the substituent mayialter the 
optimum orientation between the two basis. Preferred 
pyrimidines are uracil and cytosine, with 5 being the 
preferred position. Preferred purines are deazaadenine 
and deazaguanine. 



There are few limitations as to the conditions tha*t can 
be used for attaching a linker arm to the base moiety. 
Thus, any pH range, temperature range, reaction timer 
solvent, or buffer can be used as long as the functional 
groups on the base are not modified to the extent that 
the base is prevented from pairing to its complementary 
base, and as long as the base moiety is not cleaved from 
the sugar moiety. The optimum conditions will depend on 
the linker arm and the base, and can readily be 
determined by one skilled in the art. ^ 
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The linker arm when attached to a base comprises the 
group o£ atoms attached to the base and to an entity. 
The linker arm can be joined to the base moiety by any 
number of methods^ and must have a first functional 
group by means of which it can be attached to the base. 
The linker arm must also have a second functional group 
by means of which it can be attached to the entity. The 
linker arm can be joined to the base or] entity by means 
of a carbon-carbon single bond, carbon-carbon double 
bond, carbon-nitrogen single bond, carbon-nitrogen 
double bond, carbon-carbon triple bond,* carbon-oxygen 
single bgnd, carbon-sulfur single bondy^ or carbon- 
silicon single bond. Suitable functional groups include 
but are not limited to carboxylic esters, carboxylic 
acid halides, carboxylic acid thioester!s, imides, 
imines, ketones, aldehydes, epoxides, halides, 
n-hydroxysuccinimide esters, imidates, anhydrides, 
isocyanates, isothiocyanates, and thioesters. 

It is preferred that the linker arm joined to the base 
moiety comprise an olefinic bond at the alpha positioiv 
relative to the base. The presence of isuch an, alpha 
olefinic bond serves to sterically hold the linker .arm 
away from the base and thus minimizes the inter fe|^ence 
of the linker arm and/or that of the entity with the 
hybridization process. 



It is not necessary that the linker arm be attached to 
the base as one fragment. The linker arm can be 
constructed by attaching a first fragment to the base, 
followed by the attachment of a second fragment to the 
first fragment. Examples of suitable first fragments 
are: 
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-cn^cH-ciij-Nii-; -cn=cn-cii.,-ciu-.';-; anrl 

I 

■CIIsCII-CIIj-O-CIIj-CIIj-NlI- 



Exaraples oe suitable second Cragments are: 



0 
It 

-N-O-C-R; 
N-hydroxysucciniinide 
esters 



Nil. 



R-B-OR; 
imidates 



O O 

n-H-o-c-n 

anhydrides 



R-N=C=S ; 
isothiocyanates 



and 



S ' 
II 

R-C-SR 
thioesbers 



General methods for attaching a linker arm onto a base 
are discussed in J. L. Ruth and D.E. Becgstrom, . J . Org. 
Chero., 43, 2870, (1978); D.E. Bergstrora and M.K. Ogawo,^ 
J. Amer. Chem. Soc. 100, 8106, (1978); and C.F. Digge, 
P. Kalaritis, J.R. Deck, and M.P. Mertes, J. Amer. C)tem. 
Soc. 102, 2033 (1980) . One preferred method is the one 
disclosed in detail in European Patent Application* 
Number 0,063,0.79, by David C. Ward, et al., published in 
November 3, 1982, which is hereby incorporated by 
reference. The method involves reacting a linker arm or 
a linker arm fragment containing an alpha vinyl group 
with a mercucated base in the presence of KjPdCl^, 
wherein Uh-? r.:orcury is bound as Ilg* to the position of 
the base which is to react with the linker arm. The 
scheme is shown below. i 

1 • ' \ 



jy^l^^ y i J In T H Xj 

t 

i 

There are no particular size or content I limitations Eor 
the linker arm. The linker arm can contain from about 
two carbons to about any number of carbons, as long as 
the linker arm permits the aromatic dye : to Intercalate 
into the polynucleotide probe/target polynucleotide 
hybrid, and does not permit the aromatic dye to 
interceilate into other strands. The linker arm can 
contain hetecoatoms and unsaturations. 'The linker arm 
can comprise aliphatic, alicyclic or aromatic moieties; . 
The actual size or content oE the linker arm will depend 
on the entity chosen, and the method by 'which the entity 
generates a change in a property upon the hybridization 
per se of. the polynucleotide portion of 'the 
polynucleotide probe to the target polynucleotide. * 

* 

Attachment of the linker arm to the sugar moiety of 'the 

polynucleotide sequence can be my means,, of a Schiff base 

to the 1' aldehyde following depurination or 

depyrimidation of preselected bases, or it can be to the 

2' hydroxy in the case when the sugar is ribose. The 

linker arm when attached to the 1* aldeljyde can 

comprise, for example, an amine, hydrazine, or hydrazide 

functionality. Such a method is disclo£|ed in pending 

U.S. Patent Application Serial No. 06/765,208 by Jannis 

Stavrianopoulos, filed on August 13, 1985, and assigned 

I 

to the same assignee which is hereby Incorporated by 
reference. Attachment of a linker arm to the phosphate 
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moiety can be by alky lat ion of the phosphate moiety. 
See U.S. Patent No. 4,469,863 by P.O.P.Ts'O and P.S. 
Miller which is hereby incorporated by reference. 

When the linker arm is attached to the base moiety, it 
is preferable to attach it to the base at the nucleoside 
or nucleotide level. This is because the reaction 
conditions that may be required to attach the linker arm 
to the base may cause undesirable side teactions to a 
polynucleotide. Furthermore, attachment at the 
polynucleotide level may give inconsistent and 
irreproducible yields. Attachment at the nucleoside or 
nucleotide leve^ permits the modified nucleoside or 
nucleotide to first be purified, and then to be 
incorporated into a polynucleotide. The incorporation' 
can be either by cloning, for example, in an M13 vectorr 
or by synthesis with a polynucleotide synthesizer' 
instrument as disclosed hereinabove. 

In addition, it is preferable that the modified 
nucleotide be a relatively efficient substrate for the^ 
commonly studied nucleic acid polymerases t since a most 
efficient way of incorporating the modified nucleotide 
into a polynucleotide is by means of nucleic acid. 
• polymerases. Thus, the linker arm shoui^ not sterically 
Interefere either with the active site on the enzyme or 

i 

with the complementary base-pairing of the modified 
nucleotide. Substitution at positions that al^er normal 
"anti" nucleoside conformation should also be avoided 
since such conformational changes usually render the 
modified nucleotide a poor substrate for the polymerase 
enzymes. * 

I \ 

When the linker arm is attached to the 1* aldehyde of 

the sugar, the linker arm must be attached following the 

i 
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formation of the polynucleotide portion *of the 
polynucleotide probe. This is because attachment of the 
*> sugar requires a free aldehyde at the 1-position of the 

j sugar. The free aldehyde is formed by. depurination or 
! depyr imidation. A moiety comprising a sugar and 

i phosphate without a base is not a substrate for the 

i 

polymerase enzymes. Thus, the linker arm must be 
attached by first selectively depurinating or 
] depyr imidating the desired polynucleotide sequence, and 
I then attaching the linker arm, to the sugar by means of 
I the aldehyde. When the linker arm is attached to the 2* 
; hydroxy of a ribose sugar, the linker arm can be 
15 i attached at the nucleotide or polynucleotide level. 

This is because modified nucleotides can be incorporated 
into a polynucleotide by means of a gene-synthesizer 
instrument. When the linker arm is attached to the 
phosphate, the linker arm must be attach^ed at the .< 
20 nucleoside or nucleotide level so that the attachment is 



not at positions other than the phosphat^e. 
6. ATTACHMENT OF TUB EHTITY 



it^e 



25 The entity can be attached covalently to the linker arm, 
for example, by means of any of the func^tional groups 
described above. \ An example, would be . the reactidft of 
an amino, thio, or oxo group on the entity with another 
functional group on the linker arm, such^ as an 
isothiocyanate, an epoxide, a carbodiimide , a q^rboxylic 
acid anhydride, a carboxylic acid ester,' a carboxylic 
acid chloride, a carboxylic acid, a thioester, an imine, 
a halogen, a ketone, or an aldehyde. I 



The entity can also be attached to the linker arm 
non-covalently , for example, by means oft a chelator 
attached to the linker arm and also to the entity. A 



I 

j 
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coordinablon mebal can sandwich the entity and the 
llnkec arm to form a complex. Preferred chelators 
Include, but are not limited to, ethylerjedla- 
minetetraacetic acid (EDTA) , dlethylenetr iamlne- 
pentaacetlc acid (pTPA) and tr ans-dlamlnocylcohexane- 
tetraacetlc acid (DCTA) ; preferred metals comprise the 
various transition metals, par tlcularly . those of the 
lanthanlde metals. Although the attachment of an 
aromatic dye non--covalently to a linker larm Is not as 
stable or as strong as covalent attachmt^nt, since this 
assay Is carried ;but In one-step which does not involve 
many manipulations following the addition of the 
polynucleotide probe to the sample containing the target 
polynucleotide, the electrostatic attraction may provide 
sufficient bond strength to permit the generation of a. 
change In a property. This can be the case when the 
entity is. an aromatic dye agent and pnly the i 

^ * i 

Intercalating step Is required for a change In a * 
property. Here the Intercalation of the aromatic dye 
Into the formed polynucleotide probe/target hybrid can 
generate a shift In fluorescene emission so that the 
presence of the target polynucleotide can be verified. 



Varying conditions can be used for attaching an 
Intercalating aromatic dye entity to a linker arm.' 
Generally, any pH range from about 4 to about 10, 
preferably from about 5 to about 8, any j temperature from 
30 about 20^C to about lOO^C, preferably ffom about 40^C to 
about 65^C, any solvent, and any buffer or catalyst can 
j be used as long as the pH, temperature, ; solvent, or 

buffer does not modify any of the groups or moieties of 
1 . the polynucleotide. Thus, for example, reagents or 
35 ! conditions that can depurlnate or deamlnate the 
' polynucleotide should be avoided. There are alfeo 
I relatively few limitations as to reaction times. The 
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optimum pH, temperature r solvent ^ or reaction time Eor 
attaching an aromatic dye to a linker arm will depend on 
the linker arm, the aromatic dye, and the functiona- 
lities to. be reacted. The conditions cgn readily be 
determined by one skilled in the art. 



dyes are not 
the aromatic dye 



Most intercalating aromatic fluorescent 
soluble in water and thus attachment of 
to the linker arm of the polynucleotide | will require a 
mixed miscible splvent system, such as a mixture of 
water with either ethanol, methanolr tetrahydroEuran r 
dioxaner propanol, selected ethers, esters, ketones, 
^amidsr glycerin, i acetone, pyridine, dimethylEormamide, 
dimethylsulf oxide, and hexamethy.lphosphbr amide. 
Alternatively, a two phase immiscible solvent system 
could be used in which the aromatic dyeiis dissolved in 
an organic solvent and the polynucleoti(|e is dissolved 
in an aqueous solvent. In this instance, the two' 
solvent systems will have to be constantly mixed to 
contact th$ polynucleotide with the aromatic dye so that 
they can react. Following their reaction, the 

polynucleotide probe will generally be in the aqueous 

t 

solution while the aromatic dye will remain in the . 

« 

organic solution. • 

*i * 

The stoichiometry of the reactants requj(red for these 
reactions can vary widely. Generally, an excess of the 
component that is more easily prepared will be' used for 
the attachment of the aromatic dye to the polynucleo- 
tide. In practice, the amounts will vary depending upon 
the required reaction conditions, the aromatic dye, the 
linker arm, and their reacting functional groups. 

I 

The intercalating aromatic dye generally will have to be 
attached to the linker arm after incorporation of the 



-27- 

nucleobide containing the linker arm into the 
polynucleotide. This is because most intercalating 
aromatic dyes inhibit polynucleotide synthesis, and thus 
would prevent the incorporation of a nucleotide to which 
an aromatic intercalating agent is attached into a 
polynucleotide . *» 

I 

7, HOMBER OF ENTITIES 

I 

The polynucleotide probe can comprise two entities or 
more than two entities. The entities can be attached at 
terminal positions or at non-terminal positions of the 
polynucleotide probe. .The entities should be attached 
to nucleotides that are separate^l from e^ach other by 
about a stretch of ten other nucleotides to as to 
provide specificity to the probe. The greater the 
number of entities, the more sensitive the « * 

polynucleotide probe will be. However, \the entities 
should not be present in such numbers that effective 
hybridization of the polynucleotide portion of the 
polynucleotide probe to the target polynucleotide Is 
substantially prevented. The number of entities that 
• can be attached will depend on which moi!ety the entity 
i is attached to and the length of the polynucleotide. 

Entities that are attached to a particular base moiety 
are limited to an amount no more than the number of that 
base moiety present in the polynucleotide prober, 
Entities that are attached to a sugar moiety are limited 
to an amount which doesn't prevent hybridization of the 
polynucleotide probe to the target polynucleotide, 
because in this instance each entity decreases the 
! number of bases on the probe polynucleotide available 

i * ' 

for base-pairing. Entities that attached to a 'phosphate 
moiety are limited to an amount which does not distort 
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the conformation of the sugar and base moieties. It is 
preferable. that no more than one entity pec four 
nucleotides be attached to the polynucleotide probe* 

When the entity is an intercalating agentr the linker 
arm must be of sufficient length and have sufficient 
flexibility to provide freedom of movement to the 
intercalating agent, so that it can fold inward and 
become intercalated into the formed polynucleotide 
probe/target polynucleotide hybrid. It is understood 
that a linker arm that may be suitable for attachment to 
one position of a base may not be suitable for 
attachment to another position on the same base or to 
any position on another base, or for attachment to a 
position on the sugar or phosphate. For example r since 
the preferred conformation of a nucleotide is the "anti** 
conformationr an entity attached to a phosphate g/coup, 
for example r would require a longer linker arm then one 
attached, for example, to the S-position of a uridine. 
Similarly, a linker arm attached to a purine which 
comprises two rings may require a longcjr linker arm than 
one attached to a pyrimidine which comprises only one 
ring. 

I 

8. DETECTION OF PROPERTY CnAWGES OF 
INTERCALATING AGENTS ' 

■ I ■ ■■■ ■■! ■■■■ — — -■ ■ . I. ■ ■ I.I — - I I 

Intercalating agents which are aromatic dyes igenerally 
can be detected by a shift in their fluorescence 
emission as described hereinabove in the section 
"Description of one entity". It is not, however, 
necessary to utilize the fluorescence 'property of 
intercalating agents, because intercalating agents, upon 
the hybridization of the polynucleotide porti6n of the 
polynucleotide probe with a target polynucleotide, cause 



a change in the Tj^ or melting temperature of the 
double-strand or duplex. The melting temperature refers 
to the temperature at which a polynucleotide 
double-strand becomes denatured. Denaturation requires 
the breaking of the hydrogen bonds between paired-bases r 
and the denaturation temperature is dependent on the 
base-content of the strands, because Grc| bonds are 
stronger that A-T bonds. 

The presence of an intercalating agent in a double- 
strand stregthens the interaction between the individual 
strands so that the temperature required to denature the 
strands is considerable higher. The extent to which the 
melting temperature is increased will depend on the 
particular intercalating agents and their quantity* For 
example, it was found experimentally tha.t a 
polynucleotide hybrid of poly A. poly. T comprising .tine 
phenanthridine intercalating agent per ten base-pairs 
increased the melting temperature of the! hybrid by about 

It is thus possible to use a polynucleotide probe whose 
I entity is a non-f luorescing intercalating agent* One 
I can mix the sample comprising the target polynucleotide 

I. with the polynucleotide probe, and following sufficient 

i 

reaction time, precipitate the polynucleotides. One 
can then dissolve the precipitate in a solution, heat 
the solution, and monitor the temperature at wHich an 
increase in the uv absorbance (hyperchromicity) results. 
That temperature is indicative of the Tj^. If upon 
} heating the sample, one obtains two T^^ profiles wherein 
i one profile is at the usual T^^ and the second profile is 

at a higher T^, then the presence of the target 
1 polynucleotide is verified. * 
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The changes in the property are generally detected by 
means of a device, although in some instances 
eye-detection is possible. Examples of devices are 
mineral light lamps and fluor imeters . Some property 
changes can be detected with a device after the addition 
o£ the polynucleotide probe to the sample comprising the 
target polynucleotide r without undue additional 
experimentation. Other property changes! may only be 
detectable upon further experimental manipulations after 
the addition of the polynucleotide probej to the sample 
comprising the target polynucleotide. Regardless, 
however, of whether further experimental' manipulations 
are required or not, there is no need to* separate 
unbound polynucleotide probes from the sample prior to 
verifying the presence of the target polynucleotide. 

I 

One example of the former is where the entity, for, 
example, an intercalating agent, upon hybridization of 
the polynucleotide portion of the polynucleotide probe 
to the target polynucleotide in a soluti|:>n, undergoes , a 
shift in its fluorescence emission spectrum. In this 
instance, experimental manipulations are; not required 
after the addition of the polynucleotide! probe to the 
sample comprising the target polynucleotide. The 
fluorescence of the solution can be measured in a^^ 

4 

fluor imeter and a change in fluorescence emission is 
indicative of the presence of the target* polynucleotide. 
Another example is where the entity, forj exampil^e, an 
intercalating agent, upon hybridization of the 
polynucleotide portion of the polynucleotide probe to 
the target polynucleotide in a solution,' generates a 
change in the melting temperature of thej polynucleotide 
hybrid.. One need only measure the UV absorbance of the 
solution in a UV spectrophotometer containing d «heating 
element, and determine the temperature at which a 
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hypecchcoinlc shift occurs. Since in each case it is a 
change in a property which is measured, a high initial 
background will not substantially interfere with the 
detection process!. • 

I I 
I 

I 

An example of the latter is wherd the entity, for 
example, an intercalating agent, upon hybridization of 
the polynucleotide portion of the polynucleotide probe 
to the target polynucleotide in a solution, generates a 
change in the buoyant density of the polynucleotide 
hybrid by changing the polynucleotide tertiary 
structure. In this instance, further experimental 
manipulation is -required because the solution must first 
be centrifuged, for example, in cesium chloride, before 
the density and uv measurements of the solution can be . 
carried out« | 



The property change that is generated can be in the 
polynucleotide probe or in the target polynucleotide. 
When the property change is generated in| the 

polynucleotide probe, the change can be in the entity 

I ♦•1 

. portion of the polynucleotide probe or in the 
25 polynucleotide portion of the polynucleotide probe. An 
t example where the change is generated in; the 



polynucleotide probe is where a fluorescent 
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intercalating agent is attached to a nucleotide which is 
j not at a terminal position of the polynucleotide probe. 
I The intercalating agent intercalates into a hybi;^d 
; formed from the hybridization of the target 
i polynucleotide with the polynucleotide portion of the 

i 

polynucleotide probe. In this instance, the property 
changed is the fluorescence emission of the entity 
portion of the polynucleotide probe. 

«i 

I 

An example where the change is generated in the target 
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polynucleotide is where a non-fluorescent intercalating 

agent is attached to a terminal nucleotide. The 

intercalating agent is attached to a linker arm by means 

of which it can intercalate into an adjacent hybrid, 

namely one comprising the target polynucleotide and an 

! t 
adjacent complementary polynucleotide which 

polynucleotide is hot that of the polynucleotide probe. 

Here, the intercalating agent increases tjie T^^ of a 

hybrid but it does not increase the T^^ ot the hybrid 

comprising the probe and target. However*, it is the 

hybridization of the polynucleotide portlj3n of the 

polynucleotide probe to the target polynucleotide, that 

enables the intercalating ^agent to intercalate into an 

adjacent hybrid, and thus to increase the of the 

adjacent hybrid. Therefore, an increse in T^^ verifies . 

the presence of the hybrid. In this instance, the 

property changed is the thermodynamic interaction .* 

between the target polynucleotide, and tHe adjacent 

complementary polynucleotide. 



9 • MBTHOD rOR DETBCTIHG TARGET POLYNOCLKOTIDB 



The method of this invention using a polynucleotide ^ 
probe wherein a fluorescent aromatic dyej is the entity 
can be carried out, for example, by lyslhg the sample 
comprising the target polynucleotide in a solution to 
release the target polynucleotide in a solution to 
release the target polynucleotide from the surrounding 
membrane. Lysis can be, for. example, by exposing the 
sample to ; sonication, or to a detergent. The 
polynucleotides can be separated from cell debris by * 
centrifugation, and purified further by alcohol 
precipitation, or by dialysis. The polynucleotide probe 
is then added to a solution, containing .the target 



-33- 

polynucleotider and the SQlution allowed to incubate 
£rom about 10 minutes to about 24 hours at a temperature 
from about 20^C to about lOO^C. It is realized that the 
higher the temperatures, the less the time required for 
hybridization. The solution is then placed in a 
fluorimeterr and the fluorescence emission is measured. 
A shift in the fluorescence emission spectrum of the 
aromatic dye from the spectrum obtained f/hen the 
aromatic dye is not intercalated, indicates the presence 
of the target polynucleotide in the sample. 

Generally, the target polynucleotide musjt be rendered in 

single-stranded form during the hybridization step 

before it can hybridize with the polynucleotide portion 

of the polynucleotide probe« This can be either by heat 

or alkali. However, when the entity of jthe 

polynucleotide prob^ is an intercalating agent, thfi 

target: polynucleotide can be present either in 

single-Stranded or double-stranded form.r When the 

target polynucleotide is in double-stranded form# the 

polynucleotide portion of the polynucleotide probe 

displaces its homologous strand from the. target 

polynucleotide to form the polynucleotide probe/target 

i * • 
polynucleotide hybrid. 

* 

It is believed that the reason why this particular 
polynucleotide probe can be used withoutj first 
denaturing the double-strand comprising .the target 
polynucleotide is that the intercalating* agents provide 
enhanced stability to a double-strand wherein one of the 
strands comprises the intercalating agen.ts. By way of 
explanation, assume that a double-strand' comprises 
strands "A*" and "B", wherein strand "A" comprises the 
target polynucleotide. Assume also, that a 
polynucleotide probe is comprised of a pblynucleotide 
portion, strand "C", which is complementary to the 



I 

these bases then pair to their complementary bases. The 
intercalating agents of strand "C" will provide a 
greater therroodynarnic stability between the bases of 

' strand "C" which are paired to the bases of strand "h* t 
as compared to the bases of strand "B" which are paired 

j to the bases of strand "A". For example r ethidlum 
bromide increases the melting temperature of 
polynucleotide double-strands by about 25°C. See U.B, 
Le Pecq and C; Paolettir J.M.B., (1967) 27, pp. 87-106). 
Strand "B" can no. longer displace strand "C from strand 
"A". The net result will be that a portion of strand 
"B" that had been previously hybridi:&ed jto strand "A", 

* 

will be permanently unzippered from strand ••A" leaving ^ 
instead a double-strand portion comprising strands "A" 
j and "C". Thus this single-stranded polynucleotide probe 
will permit the detection in a sample of a target 
polynucleotide even if the target polynucleotide is not 
present in single-stranded form. 

The method can also be used to detect the presence of a 
target polynucleotide at temperatures at which 
double-strands become denatured. Generally, the 
detection of a target polynucleotide that is present in 
double-stranded form is carried out by heating the 
. sample comprising the double-strands to; a temperature 
higher than the T^^ of the double-strands in the presence 
of the polynucleotide probe r and cooling the sample to 
permit the renaturation of the polynucleotide probe with 
J the target polynucleotide • However r when the 
! polynucleotide probe comprise fluorescent intercalating 
; agent entities, the sample need not be cooled. This is 
j because the intercalating agents stabilize the 
j base-pairs and increases the Tj^ of those base-pairs. 
I Thusr when the polynucleotide portion of the ' 
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polynucleotide probe commences bo hybcldlze with the 
target polynucleotide^ and the intercalating agents 
5 j intercalate into the formed double-strand, the elevated 
temperature of the sample is no longer sufficient to 
; denature this double-strand # and the presence of the 
j target polynucleotide can be verified by the change in 
the fluorescence emission of the intercalating agents* 
in I It is understood that the elevated temperature cannot be 
! higher than the Tj^ of this double-strand, i.e. one 
comprising the polynucleotide probe and the target 
polynucleotide* 

15 10. TARGET POLYHOCLBOTIDBS 

. I 

■ 

This method can be used to detect a target polynucleo- 
tide, for example, from a microorganism,' a plant cell, 
or a mammalian cell* The microorganism can be a , 
20 I bacteria, fungus, virus, or yeast* The 'target 
} polynucleotide cdn be one that is unique for a 

particular pathogenic virus, one that i^ present in a 
mutated mammalian gene that results in the production of 
a non-functioning* protein, or one that imparts 
25 antibiotic resistance to a bacteria. For example, it 

can be one that imparts penicillin resistance in 
Streptococcus pyogenes or Neisseria meningitidis ? 
tetracycline resistance in Staphylococcus aureus , 
Candida albicans , Pseudomonas aeruginosa . Streptococcus 
pyogenes , or Neisseria gonorrheae ; and aminoglycoside 
resistance in Mycobacterium tuberculosis * 



{ This approach can be extended to the diagnosis of 
I genetic disorders, such as thalassemia and sickle cell 
35 I anemia. The polynucleotide gene whose presence or 

absence (in the case of thalassemia) is jassoci^ted with 
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the disorder can be detected following hybridization 

with a polynucleotide probe according to this invention* 

I 

The mapping of genes or their transcripts to specific 
loci on chromosomes has been a tedious and 
time-consuming occupation # involving mainly techniques 
of cell-fusion and somatic cell genetics. Although 

in - situ hybridization has been employed successfully for 

' ' ' " * » 

mapping single-copy gene sequences in species that 
undergo chromosome poly tenization, such jas that of 
Drosophila » detection of unique sequence* genes in most 
higher eukaryotic chromosomes has been extremely 
difficultr if not impossible^ using standard 
hybridization methods. The necessity for polynucleotide 
probes of very high specific radioactivity to facilitate 
! autoradiographic localization of the hybridization site 
, a}.so results in rapid radiodecomposltion of the ; 
I polynucleotide probe and a concomitant increase in the 

background noise of silver grain deposition. The use of 
I hybridization probes with low to moderatle specific 
j radioactivities requires exposure times of many days or 

i 

I weeks r even to detect multicopy sequences r such as 

ribosomal RNA genes or satellite DNA. Since recombinant 
DNA technology has made feasible the molecular cloning 
. of virtually every single-copy sequence found in 

* 

eukaryotic cells, it would be extremely beneficial to 
have a rapid and sensitive method for mapping the 
chromosomal origin of such cloned genomic fragments. 

Finally tumor cells can be diagnosed by preparing a 
' polynucleotide probe according to this invention which 
; is complementary to the messenger ribonucleic acid 
1 transcribed from a deoxyribonucleic acid gene sequence 
! associated with the production of polypeptides/* such as 
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Eetal protein antigen or err cinOLyonic ' antigen r the 
presence of which is diagnostic Cor specific tumor 
cells. Hybridization and detection ol: the probe/target 
polynucleotide hybrid would provide a method for 
j detecting the tumor cells . 



10 
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A polynucleotide probe comprising a polynucleotide and 

an intercalating aromatic agent attached to the 

I 

polynucleotide suitable Cor this invention is shown 
belowr wherein the- , polynucleotide comprises at leasit one 
moiety having the structure 
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wherein B represents a base selected from the group 
consisting oE pyr imidines , purines, and deazapur ines i 
provided that whenever D is a pyr imidine, the sugar is 
attached to the ^'-position of the pyriraidine, artd 



25 



•39- 



whenever B is a purine or deazapurine, the sugar is 
attached to 
deazapurine ; 



Q 

attached to the N -position of the purine or 



! wherein "t^hen" represents any phenanthr idine moiety; 



j wherein said L.A. is a linker arm comprllsing at least 
10 j three carbon atoms, and is attached to the 5-position 
j said phenanthr idine moiety; and ' 

• .. I . 

wherein Z is either H or j 

15 Generally r B will vary within the same oligo- or 

polynucleotide, being alternatively uracil, cytosine, 
thymine, guanine, adenine, deazaaguanine, or 
deazadenine. Also, in general, the variation will . 
i correspond to the ordered sequence of the nucleotides 
20 i comprising the target polynucleotide. It is intended 
; that the structure shown also embrace polynucleotides 
i such as poly C, poly U, poly r(A-U), and poly d(A-U). 



11. SYNTHESIS OF A POLYNOCLEOTIDE PROBE 



An example of the synthesis of such a polynucleotide 

probe is described hereinbelow in conjunction withr 

Figure 1. The polynucleotide probe comprises the 

nucleotides dTMP and dUHP, and a butidium intercalating 

30 1 agent. The target polynucleotide comprises poly dAMP. 
' • * . 

i ' I * 

The first step of the synthesis was the . nitration of 

benzidine to 3-nitrobenzidine with potassium nitrate in 

the presence of sulfuric acid. The two * exocyclic amino 

35 groups were then: reacted with ethylchloroformate to form 

the d iisocy ana te : compound. This step was neces&ary 



I 



because otherwise the primary amino groups would 
covalently react with other reagents later on to form 
amides r or secondary and tertiary amines. Such a 
reaction would prevent the synthesized entity from 
intercalating into a hybrid and thus would destroy its 
effectiveness as an entity. This fact Is based on a 
report that while the blocking of the 8-amino group only 
of phenanthridium compounds with an acetyl group lowers 
the polynucleotide helix unwinding angle without causing 
a significant change in its binding enex^gy, complete 
blockage of the 3- and 8-amino groups results in a 
greatly lower unwinding angle with a iO-20 fold 

reduction in the binding constant of the phenanthridium 

I 

compounds. The two amino groups contribute about 
1.4-1.7 cal/mole of free energy to the Stability of the 
intercalated complex. See the Review article entitled 
"Ethidium and Propidiura** in Antibiotics , vol." 3, »?.W. 
Cozcozan and F.E* Hahrir Eds. Published by 
Springer-Verlag, N.Y., (1975), pp. 141-165. 

1 

The 3-nitro group was then reduced. to an amino group 
with zlncr and benzoyl chloride was added to form the 
benzoyl amide. The carbonyl of this benzoyl amide upon 
heating in phosphoroxychlor ide reacted with the 
I 6-position carbon to form the phenanthridium derivative. 
The 5-tertiary amine was then quarternized by reacting 
it with lr4-dibromobutane to form the biitidium 
derivative. This was followed by hydrolysis 0I5 
diurethane moieties to generate 5- (4'-bi;omobutyl) - 
3, 8-diamino-6-phenylphenanthyridine. Th^ bromine was 
then replaced with a thiol by reacting the compound with 
sodium thiosulfate to form 5-{4'-thiobutyl)-3,8 
j diamino-6- phenylphenanthridine. This product 

represented the entity portion of the polynuclcfotide 



probe and exhlbibed the fluorescence characteristic of 
butidlum derivatives. 

Prior to attaching this compound to a polynucleotide, it 
was necessary to verify that the fluorescence of this 
compound would not be destroyed upon coyalent attachment 
to another molecule. This was carried out by reacting 
the butidium compound with a bromoacetylated 
aminodextran derivative as shown in fig.* 2 (a). The 
dextran derivative was prepared by reacting dextran with 
butadiene monoepoxide in the presence of sodium 
borohydride to form l-butene--4-dextran. j This compound 

was mixed with N-bromosuccinimide to yield 

I 

l-bromobutane-4-dextranr and then further reacted with 
cysteamlne to give an aminodextran deri^^at^ve. This 
dextran was mixed with the N-hydroxysuccinimide ester of 
bromoacetic acid to form the bromoacetylated i ' 

aminodextran derivative. 

This bromoacetylated aminodextran derivative was reacted 
with the 5-(4»-thiobutyl)3,8-diaraino-6- . 
phenylphenanthridine described above to form a dextran- 
labeled phenanthridium compound. Spectral analysis of 
the product showed that the fluorescence of the 
phenanthridine was not altered by its attachment to the 
dextran. 

A polynucleotide was then prepared comprising p,oly (dT) • 
poly.(dU) wherein an allylamine was attached to each 
uracil (U) base at the 5-position. The method used to 
prepare the polynucleotide was to synthesize the 
polynucleotide with the enzyme terminal transferase in 
the presence of a mixture of dUTP and AAUTP (allylamine 
UTP) . The synthesized polynucleotide was purified by 
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anlon exchange chroroabography . The uca fell base has an 
absorption maximum ab about 260 nm while the uracil base 
containing an allylamine at the 5-position has an 
absorption maximum at about 290 nm. The ratio o£ the 
two bases in polynucleotide polymer can! thus be 
determined by measuring the absorbance ratio of 260/290. 
It was found for this experiment that the ratio of AAdU 
to dU was 1:10. 

This polynucleotide was then reacted wibh the 
5- (4 • -thiobutyl) -3 , 8-diamino-6-pheny Iphenanthr idine 
under slightly alkaline conditions in a^ solution 
containing a mixture of water-dimethylformamide as shown 
in Fig. 26). The unreacted butidium derivative was 
extracted from the solution with butanol. Extraction • 
with the butanol caused the polynucleotide probe to 
precipitate out of solution. The precipitate was.; 

further purified on an anion exchange column. 

i 

The purified polynucleotide probe was then mixed with 
three Bolutions. The first solution contained poly(rA)r 
the second solution contained calf thymus 
double-stranded DHA, and the third solution contained 
poly(dT). Only the solution containing' poly (r A) showed 
intense fluorescence. This showed that the 
intercalating agent was not intercalatihg into a 
double-strand r wherein neither strand was that of the 
polynucleotide probe. | 

The purified polynucleotide pifobe was mixed with a 
solution containing poly (dT) -poly (r A) wherein the ratio 
of poly(dT) to poly (r A) was 2:1. The solution 
fluoresced almost immediately. This verified the fact 
that a polynucleotide probe comprising an intercalating 

! 

i 

1 
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agent can displace an homologous polynucleotide Erom a 

double-strand. j 

I 
t 

DESCRIPTION OF THB POLYNUCLEOTIDB DRUG 

! : * ' 

This Invention permits the polynucleotide composition to 
be used as a polynucleotide drug. The polynucleotide 
drug Is used to prevent the transcription or translation 
of a target polynucleotide. When the drug Is used to 
prevent transcription^ the target polynucleotide can be 
DNA or RNA. When the polynucleotide drug Is used to 
prevent translation, the target polynucleotide Is 
messenger^ RMA. | 

The polynucleotide drug comprises a polynucleotide and 
at least two entitles attached to the polynucleotide. 
I The entitles have a characteristic such that when the . 

I polynucleotide portion of the polynucleotide drug . Is 

I 

hybridized to the target polynucleotide, a change Is 
! generated In a property of either the polynucleotide 

probe, the target polynucleotide, or both. The property 
j changed Is the thermodynamic stability the formed •* 
I hybrid. This stability prevents the displacement of the 
I polynucleotide drug from the target polynucleotide by a 
polynucleotide homologous to that of the polynucleotide^ 
of the drug, because a hybrid comprising such a 
homologous polunucleotlde and the target polynucleotide 
would not be as thermodynamlcally stable as one 
I comprising the polynucleotide of the drug and the target 
polynucleotide. 

! An example of a suitable polynucleotide drug Is one 
I comprising an Intercalating agent as the entity. As 
stated hereinabove, the presence of an Intercalating 
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agent Increases the T^j of a polynucleotide 
double-strand. Thus, if a polynucleotiifle drug 
comprising an intercalating agent is miked with a sample 
or administered to an organism comprising the target 
polynucleotide, the polynucleotide drug! **seeks out" its 
target polynucleotide. '^'iWhen it finds that target 
polynucleotide, even though the target is already 
hybridized to a complementary polynucleotide, the 
polynucleotide portion of the polynucleotide drug will 
replace the sequence complementary to the target by 
reasons stated earlier hereinabove in the discussion of 
the polynucleotide probe. The effect will be to form a 
double-strand which will not readily bedome a template 
for polymerase and transferase enzymes,' and thus to shut 



off transcription or translation of the 
polynucleotide . 



target 



This polynucleotide drug has a limitation in that the 
intercalating agent must be attached to. the 
polynucleotide by means of a linker arm* which permits 
the intercalating agent to intercalate only into a 
double-strand formed as a result of the hybridization of 
the polynucleotide portion of the drug with the target 
polynucleotide. The intercalating agenl must not 



! intercalate into other double-strands, so that it* 
j inhibits the transcription of translation of other 
! polynucleotides. ] 



This polynucleotide drug has an advantage. Most 
chemotherapeutic drugs, including intercalating agents 
when administered systemically to a humeinr become 
distributed uniformly throughout the body. Most of 
these drugs are very toxic. Thus, In addition to 
exerting a therapeutic effect at target 'sites, 'they 
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exert toxic effects at non-target sites'. Intercalating 
agents of this invention cannot intercalate into 
double-strands not comprising the target polynucleotide r 
and thus, even though the polynucleotide drug is 
uniformly distributed throughout the body, it will not 
exert a toxic effect except at its target site* 



The property that is changed need not bfe detectable, 
although this could be an advantage at times. However, 
the property changed must enhance the stability of the 
hybrid comprising the polynucleotide drug/target 
polynucleotide as compared to a hybrid not comprising 
the polynucleotide drug. I 

Methods for preparing a polynucleotide drug comprising 
an intercalating agent have been described hereinabove 
in the discussion of the preparation of the • 
polynucleotide probe. These polynucleotide drugs' can be 
administered to a human in an aqueous, neutral solution. 

The polynucleotide drug must be delivered to the cell by 
a suitable carrier. The carrier must prevent the 
polynucleotide drug from being degraded before it enters 
the cell, and at the same time must allow the 
polynucleotide drug to diffuse or to be transported 
through the cell membrane. One preferred method 
comprises the use' of liposomes. 

Liposomes are unilamellar or multilamellar lipl'd 
vesicles which enclose a three-dimensional space. The 
membranes of liposomes are formed by a bimolecular layer 
of one or more lipid components having polar heads and 
non-polar tails. ^ In an aqueous (or polar) solution, the 
polar heads of one layer orient outwardly to e^itend into 



the aqueousf or polar r solution and to form a 
continuous^ outer surface. Unilamellar; liposomes have 
one such bimolecular layer, vheceas multilamellar 
vesicles generally have a plurality of substantially 
concentric bimolecular layers arranged rather like an 
onion* 

Liposomes are well recognized as useful' for 
encapsulating therapeutic agents, such bs cytotoxic, 
drugs or other macromolecules capable of modifying cell 
behaviour, and carrying these agents to; in vivo sites. 
For example, U.S.; Pat. No, 3,W3,754, by Rahman et al., 
issued Nov. 23, 1976, discloses an improved method of 
chemotherapy of malignant tumors, in which an antitumor 
drug is encapsulated within liposomes and the liposomes 
are injected into an animal or man, U.S. Pat. No. 
4,263,428, by Apple, et al., issued Apr. 21, 1981, 
discloses an antitumor drug which may be more 
effectively delivered to selective cell sites in a 
I mammalian organism by incorporating the drug within 
i uniformly sized liposomes. Drug administration via 
, liposomes permits reduced toxicity # altered tissue 
! distribution, increased drug effectiveness, and an 
! improved therapeutic index. 

• • • 

A particularly useful method for encapsulating nucleic 
acids is disclosed U.S. Patent No. 4,515,736 by David W. 

Deamerr issued May 7, 1985, which is hereby incorporated 

t n 

by reference. The method involves novel encapsulation 
in which liposome dispersions are dried^in the presence 
of a material to be encapsulated. As drying occurs, the 
j individual liposomes fuse to form multilamellar 
j structures which . capture the material between lipid 
lamellae. Upon rehydration, lipid vesicles foum which 
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efficiently encapsulate the material. The patent 
discloses the effective encapsulation o^f various 
polynucleotides . 

The effectiveness of the polynucleotide drug in 
displacing an homologous polynucleotide from a target 
polynucleotide will depend on the length of the 
polynucleotide portion of the polynucleotide drug and on 
the number of intercalating agents attached to the 
polynucleotide drug. The higher the number of inter- 
calating agents, the more effective the- polynucleotide 
portion of the drug will be in a displacing its 
homologous sequence and the less amountj of drug required 
to prevent transcription or translationj of the target 
polynucleotide. Also, the higher the niimber of 
intercalating agents, the faster the drlig will bind to 
the target* | . 

The following examples are by way of demonstration and 
not by way of limitation. ! 

BXAMPLE I s 

Preparation of 3-Hitroben2ldine 

I *• 

The procedure followed was basically that of M.S.'* 
Lesslie and 5,E. Turner, J.C.S., (1934) f pp. 1588-92. 

To 468 ml 95% sulfuric acid, 87 grams of ^2^5 V^^^e added 
in portions over a period of 2 hours until all the ^2^5 
was dissolved (p2^5 added to absorb the water in the 
sulfuric acid). After the solution had .cooled to room 
temperature, 50 grams of benzidine (Fluka Chemical 
Corp., 255 Oser Avenue, Hauppauge, New York 11788) were 
slowly added and the temperature was cooled and' 
maintained between 10-15^C. i 



Finely ground potassium nitrate (50»5 g) was added to 
the solution under vigorous stirring over a 30 minute 
periodf while the same temperature was maintained. 
After 60 minutesi the solution was carefully poured into 
1500 ml watqrAand this aqueous solution 'was diluted with 
boiling water to a total of 6 liters. A 10 ml aliquot 
was removed and slowly cooled to obtain 'some 
3-nitrobenzidine sulfate crystals. These crystals were 
used to seed the remaining solution, which was rapidly 
cooled to 35^C. The solution was further cooled to 20^C 
to allow complete precipitation of the 3-benzidine. 

Following the completion of crystallizationt the 

I 

3-nitrobenzidine sulfate was filtered off and collected. 
Thirty gram portions of the moist salt Were ground to a 
stiff paste with water. Concentrated aqueous ammonia was 
added to the paste, and it was ground further to convert 
the 3-nitrobenzidine sulfate to free 3-nitrobenzidlne. 
The compound was then collected by dissolving it in a 
dilute ammonia-ethanol solution and pouring the solution 
into a large volume of water. The 3-nitrobenzidine 
precipitated out: of the solution. The 46 grams of 
3-nitrobenzidine| obtained corresponded to a yield of 
80.4%. f «' 

Preparation of Hr -biscarbethoxy-3-nitrobehzldine 

Twenty nine grams 3-nitrobenzidine were dissolved in 330 
ml ethanol containing 39 ml (36 grams) dimethyaniline . 
Thirty one grams ethylchloroformate were added to the 
ethanol solution in portions. The solution was then 
re fluxed for 10 minutes after which water was added to 
precipitate the diurethane derivative. Forty one grams 
were obtained corresponding to a yield of 95%. i, 
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i 

Prepara tion of 3 , 8-blscarbethoxv-3-amino- 
benzidlne j 

I 

I 

Forty one grams of the d lure thane were added to a 
solution containing 500 ml ethanol and ;40 ml glacial 
acetic acid, and the mixture was heated' to dissolve the 
diurethane. The" solution was dark brown. The 
temperature was brought to about 30°C, and zinc powder 
was gradually added to reduce the nitro, groups. The end 
of the reaction was indicated by the disappearance of 
the brown color. The zinc was filtered' of f, and the 
ethanol and acetic acid vere removed un^er vacuum. The 
3,8-biscarbethoxy-3-aminobenzidine was used for the next 
step without any further purification. . 

I 

Preparation of 3 . B -blacarbethoxy-S-phenylphenan- 
thridine I 

I 

The procedure followed was adapted fromL.P. Wall, 
J.C.S., (1947), pp. 67-74. 

i 

The 3,8-biscarbethoxy-3-aminobenzidine was dissolved in 
100 ml nitrobenzene and the solution waJ heated to a 
temperature of 150°C. Ten ml benzoyl chloride were 
added and the temperature maintained at 150°C until the 
HCl evolution ceased. After an additional 30 minutes at 
150°C, the solution was cooled, and following the 
addition of ethanol the benzoyl derivative crys'tallized 
as colorless prisms. The yield was 35 grams 
corresponding to 72%. 

The benzoyl derivative was dissolved in 70 ml 
phosphorous oxychloride and refluxed for 1 hour'iuntll 



the evolution o£ HCl gas had ceased. The yellow 
solution was cooled to room tempecature | and then slowly 
added to a cold dilute ammonia solution to precipitate 
the phenanthridine. The precipitate was filtered off 
and dissolved in, 200 ml absolute ethanol. Ammonia was 
then added to discharge the orange color. The compound 
was precipitated' out of solution by the 'addition of 
water. The yield was 21 grams corresponding to 62.5%. 

Preparation of .5-(4*"bromobutyl)-3yB' biacar- 
bethoxy-e-phenylphenanthridine j 

I 

This compound was prepared by modifying the procedure of 
T.T. Watkins, J.C.S., (1952), pp. 3059-3064. 

• " i 

One gram of the 3, 8-biscarbethoxy-6-phenylphenanthridine 
was added to 10 ml of 1, 4-dibromobut;ane that had been 
preheated to lOO^C, so that any water in the mixed 
solution would evaporate off. The temperature was 
gradually raised to 150°C. After 30 minutes at X50^C, a 
yellow precipitate began to form. The mixture was then 
cooled to room temperature, and ether was added to a 
total volume of 100 ml to enhance the precipitation. 
The precipitate was filtered off, washed with ether*; and 
air dried. A total of 0.8 grams of compound was % 
obtained corresponding to a yield of 58%. 

The duration of the heating at 150° was , important 
because in a parallel experiment where khe mixture was 
kept at 150°C for overnight, the resulting product 
appeared very inhomogeneous and showed very little 
fluorescence with double-stranded DNA after hydrolysis 
of the urethane with sulfuric acid. (See the Watkins 
article on page 3061), This indicated that the, compound 
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had decomposed. 

Preparation of 5-(4'-broiaobutyl)-3,8-dlamino- 

6-phenyl pbcnanthridlne , 

i 
I 

Hydrolysis o£ the urethane^moieties were carried out 
according to the procedure"b£ L.P. Wall^ J.C.S.r (1947) 
10 pp. 67-74. 



30 
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I 



Bight hundred mg of the 3, 8-biscarbetho3cy-3- 
- amlnobenzldine were dissolved in 10 ml concentrated 
. ^2^^A ai^9on gas. After the HBr evolution ceased, 

15 five ml was added and the bath , temperature raised to 

150°C... The solution was maintained at this temperature.;.^^ 
', for 15 minutes until all the evolution of the gas 
I had ceased. The mixture was then cooled to 5-10°C» and 
cold H^o was added to give a total volume of 150 19I. 
20 ; , The solution was neutralized with cold dilute ammonia. 
; Solid potassium bromide to give IM was added to the 
! solution (to salt out the product), and the solution was 
permitted to remain at 4^C overnight. AEter this 
period, a precipitate formed which had a ' .r" 

25 permanganate-like crystalline appearance « It was found 

that the product could also be readily precipitated^out 
of the solution as the ammonium sulfate jsalt. This, 
product was soluble in water and when mixed with a 
solution containing double-stranded DNA, resulted in the 
formation' of a strongly fluorescent solution. The 547 
mg obtained corresponded to a yield of 89%. ' 

Preparation of 5-(4 *-thiobutyl) -3r8-dlamino- 
S-phenylphenanthr Idine 

■ 

Sixty mg of 5-(4»-bromobutyl)-3,8-diamino-6-phenyl 

i 



phenanthr Idlne were dissolved in 4 ml 50% efchanol. One 
ml of 0*2M NajSjOg in 50% ethanol was added and the 
solution heated for 3 hours at 80^C. The ethanol was 
evaporated with bubbling argon gas at 70°C and the 

I product precipitated with 2 ml 3M KCl. The precipitate 

! was collected by centr if ugation and diss^olved in 1 ml 
36% HCl, Water (0.35 ml) was added to iower the HCl 
concentration to 25% and the solution wais left at room 
temperature for 20 hours. A precipitate had formed 
after this time. Six ml of absolute ethanol were added 
and the mixture was left at -20°C for an additional 20 
hours to enhance the precipitation. The precipitate was 

i collected by centr if ugation, suspended In 1 ml HjO and 
the water removed by lyophilization. The yield was 42.5 

I mg corresponding to 70%. Crude thin layer 

chromatography showed the presence of 3 fluorescent 

! products.. The desired product was not purified be;fore 

I use for the next reaction. 

Preparation of aminodextrans 

i ^ 

1.07 grams of dextran T-500 (Pharmacia Biochemicals, 
Piscataway, New Jersey) r was added to 15.0 ml of IM KOH. 
Three hundred ul butadiene monoepoxide (about 3 mmol) 
and 30mg sodium borohydride (catalyst) were then added 
and the mixture was stirred overnight. jThe solution was 
neutralized with HClf and the excess unr^eacted butadiene 
monoepoxide and the dialcohol generated therefrom were 
! extracted four times from the solution with 20 ml ether. 

i * 

1 The ether remaining in the aqueous solution was 
evaporated off by* bubbling argon gas through the 
solution^ The solution was then dialyzed against 0.2 M 
sodium acetate, pU 5.0 to remove the sal!ts. 



I M-bromosucclnlmlde, 0.5 grains, were then added to the 
' solubion and the resulting suspension stirred tot 3 
! hours at 10*^C in the dark. The solution was dialyzed 
j three times against 1 liter of water over a two day 
period* Two hundred ul of IM KjHCO^ and 100 mg 
cysteamine were added to 0.4 ml of the dialyzater the 
mixture was heated under argon at 80 C for 2 hours, and 
the solution was desalted by G-50 filtration* The 
purified dextran contained one derlvatized sugar per 20 
sugar moieties. I 

i 

I Preparation of bromoacetylated amlnodextrans 

j- ■ . . 1 

j A 0*5 ml solution containing 0.02M sodium borate and . 
eight and one-half mg aminodextran, was mixed with 0.2' 
ml dimethylformamide and 25 ul of IH brdmoacetic acid 
N-hydroxy succinimide ester in DMSO.* The reaction was 

followed by measuring the amino content with 

t 

picrylsulfonic acid (this reagent gives an orange color 
with primary amino groups). It was found that .the 
reaction was complete after 5 minutes atj room 
temperature. Fifty ul of l.OM HCl were added to the 
mixture and the excess of unreacted ester and the 
generated. bromoacetic acid were extracted 4X with 
• water-saturated 1-butanol* 

1 

I The bromoacetylated dextrans are not very stable, 
j especially at a basic pH. For example, 'at pH 912 and 
I 37^C, all the broraoacetyl groups were cleaved after six 
j hours. Thus, the next reaction should be carried out as 

soon as possible following isolation of the 

bromoacetylated dextran. » 



20 




I . . 
I . 

I -1,4- V 

: i. . \ 

j Preparation of phenanthridlne-labeled dextran 

! Two and one-half mg bromoacebylated dextran were 

I dissolved in 200 ul of aqueous 0.3M sodium acetater and 

; then mixed with 3*5 mg 5-(4*-thiobutyl)-3r8-diaraino-6'- 

I phenylphenanthridine in 6 ml formamide* The reaction 

i 

mixture was allowed to remain for 1 hour at room 
IQ temperature and then for 1 hour at -^^^l* NaCl 
was added and the unreacted 5-(4'-thio)>utyl)-3r 8- 
diamino-6-phenylphenanthridine was extracted 6X with 
water-saturated 1-butanol, The addition of 
double-stranded DNA to an aliquot of the| aqueous phase 
15 resulted in a strong fluorescence indicating that the 
dextran was ^labeled with phenanthr idinej and that the 

phenanthridine moieties on the dextran were accessible 

I 

for intercalation* 



Preparation of poly (dT) * poly (AAdU) 



Solution A was prepared containing: 2500 ul 0.25M 
cacodylate buffer pH 1.2, 250 ul BSA (DNAase free, 
20ug/ml), 50 ul O.lM CoCljr and 75 ul 3M NaCl. Solution 

25 B was prepared containing 1500 ul H^O and 50 ul of O.lM 

I 

B mercaptoethanol* 

Solution A was mixed with Solution B, and 800 units of 

* 3 

terminal transferase enzyme r 5 umoles of H TTP (low 
30 1 specific activity) r and 1.5 umoles AAdUTP were added to 

I So 

1 the mixed solution. The solution was incubated at 37 C. 

j for 40 hours under argon. During the course of the 

i reaction, cobalt pyrophosphate precipitated from the 
solution. After 40 hours, the reaction jwas stopped by 

35 I the addition of 100 ul 0.5M EDTA. Incubation at 37^C 

I was continued, however, for 2 more hours^ to all9W the 

{ EDTA to complex to and remove the cobaltions that had 



I 

1 
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become complexed to the allylamlno groups. 

A DEAE cellulose! column o£ 0.6 ml bed volume In a 
siliconated pasteur pipette was washed twice with 2 ml 
IM KOH and then with water until alkaliile free. The 
colbmn was then washed with 2 ml 3M NaClr followed by 3 
ml "HjO, and 2 ml 0.2M NaCl. The incubation mixture was 
10 then loaded onto the column, and the column was washed 
sequentially with 2 ml of 0.2M NaCl and .3 ml 0.3M NaCl. 
The last eluate of the 0.3H wash contained a few percent 
of the total counts* > 

15 1 The copolymer was eluted off the column with a solution 
j containing 1.5H LiCl in 0.2M acetic acid*. Two-tenths ml 
I fractions were collected. The results are shown be low.: 

I ^ .' . . 

I Fractions Counts per mln. (2. ul allquots) .« 

20 ! i • 

! 1 40 I 

2 86 I 

! 3 34516 ' ' ^ ' 

: 4 6124 .. 

25 ; 5 1858 i 

I 

I 6 953 

w ^ • 

•t •*» * 

I • ' * 

I Fractions , 3-5 were pooled to give a volume of 0.6 ml. 
I Ten ul of this solution was diluted to a volume of 1 ml. 
30 The A2gQ of this 1 ml was 0.645 and the A290 was 0.203. 
The absorbance at -290 nm indicated the presence of the 
allyamino groups. The total AjgQ was 38.7 corresponding* 
to about 1.5 mg of the copolymer. * 

35 I The ratio of 1:10 of the AAdU to dT was determined by 
reacting the copolymer with picrylsulfonic acid*. 
Displacement of the sulfonic group by thb amino group of 
the allylamine imparted a yellow color to the copolymer. 

i 
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The measurement of the solution at 420 mn Indicated that 
j the ratio o£ AAdU to dU was 1:10. (It was assumed that 
every allylamine reacted with a picrylsulfonic acid 

molecule) . ; 

I ; 

Preparation oE polynucleotide-lkbeled' 
phenaitthr id Ine * 

A solution containing 200 ug oZ the poly (dT). poly(7VAdU) 
copolymer in 100 ul of 1.5M LiCl and 0.2M acetic acid 
was brought to about pH B.O with 3M ^2003. Three mg of 
the thioalkylated phenanthr idine that had been dissolved 
in 0.6 rol*formamide were then added* The mixture was 
left in the dark for about 90 minutes at* room 
temperature and for an additional 45 minutes at 37^C* * 
! One ml was added and the excess thioalkylated 
! phenanthridine removed by extraction, with 1-butanol 
! until the volume of the aqueous phase wajs reduced to 
I about 300 ul. Additional extractions we're then carried 
j out with 1-butdnol saturated with water.* After each 
i extractionr the two phases were separated by 
' centrifugation. A precipitate appeared after the first 
1-butanol extraction. The precipitate contained the 
labeled polynucleotide and some insoluble 
, .phenanthridine side-product. After the . last extractionr 
' the material was centrifugedr and the pellet was 
! dissolved in formamide at a temperature of 37 C. 

.'1 

! The solution was loaded onto a DEAE cellulose column 

I (chloride form) equilibrated with formamide. The column 

was washed with formamide to elute the phenanthridine 
: compounds. The phenanthr idine-labeled polynucleotide 
I was eluted with I.IM LiCl in 75:25 formamide: water. 
For reasons not entirely clear some of the 
phenanthr idine-labeled polynucleotide did not elute off 
the column even at the higher salt concentration. (To 
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Increase the yield/ the polynucleotide could be 
collected by precipitating it with bacluin acetate In 
ethanolr collecting the precipitate by cpntr Ifugatlon 
and dissolving the precipitate In EDTA/nl^o. The EDTA 
complexes the barium and facilitates solution o£ the 
precipitate.) '^^ ' 



10 Detection o£ Fluorescence 

Twenty-five ul of the DEAE eluate containing the 
' phenanthridine-labeled polynucleotide were added to (1) 
; a tube containing 10 ug poly (r A) in 0.6 ml 0*lM NaClr 
15 (2) to a tube containing 250 ug calf thymus DNA in 0.6 

; ml O.lH NaClr and (3) to a tube containing poly(dT) in 
j 0.6ml O.IM NaCl. The tube with the poly(rA> fluoresced* 
strongly while the other two tubes showed only very weak 
fluorescence. , ' 

20 i ' ^ . 

The results of this experiment show that this 
phenanthridine-labeled polynucleotide can be used as a 
probe in a one step hybridization assay because this 
phenanthridlner when attached as described above to a 
25 polynucleotide r does not intercalate into other Intact 
double-stranded polynucleotides. It only intercalates 
into double-stranded polynucleotides formed as a result 
of the hybridization of the polynucleotide portion of 
the phenanthridine-labeled polynucleotide with a 
30 I complementary polynucleotide. j i, 

• ! * 

I 
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Diaplacement o£ a poXynucleotide from double- 
stranded DHA vith a phenanthr Idlne-labeled 
polynucleotide- 



A solution containing poly (dT) -poly (rA) with a ratio of 
poly(dT) to poly (r A) of 2:1 was mixed with the 
phenanthridine-labeled poly (dT) -poly (AAdU) at room 
temperature. The solution began to fluoresce also 
immediately and the intensity of this Elliorescence 
increased with time* Since the phenanthridine of the 
phenathridine-labeled poly (dT) -poly (AAdU) does not 
Intercalate into double-stranded calf thymus DHA (see 
results above) i the generation of fluorescence showed 
that the phenanthridine-labeled polynucleotide had 
displaced its homologous polynucleotide in the 
double-stcanded hybrid* i 

It will be apparent to those skilled in the art, that 
various changes, modifications, and variations can be 
made without departing from the spirit and scope of the 
invention as defined by the present claims* 
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